Introduction
Interest in lasers for space applications such as active remote sensing in Earth orbit, planetary science, and inter-satellite laser communications is growing. These instruments typically use diodepumped solid state lasers for the laser transmitter.
The mission specifications and constraints of space qualification, place strict requirements on the design and operation of the laser. Although a laser can be built in the laboratory to meet performance specifications relatively routinely, the mission constraints demand unique options and compromises in the materials used, and design to ensure the success of the mission.
Presently, the best laser architecture for a light weight, rugged, high peak power and efficient transmitter is a diode laser pumped Nd:YAG laser. Diode lasers can often obviate the need for water cooling, reduce the size and weight of the laser, increase the electrical to optical efficiency, system reliability, and lifetime.
This paper describes the in-space operation and performance of the Mars Orbiter Laser Altimeter (MOLA) laser transmitter _, representing the current state-of-the-art in space-based solidstate lasers.
Mars Orbiter
Laser Altimeter: Laser Transmitter On November 5, 1996, NASA launched the Mars Global Surveyor (MGS). MGS is intended to recover as much of the science data possible from the earlier loss of the Mars Observer spacecraft.
One of the science instruments on MGS is the Mars Orbiter Laser Altimeter (MOLA).
MOLA's primary mission is to gather Martian topographic data on a 0.2°x 0.2°grid with 30 m vertical accuracy and short baseline (-_ 100 kin) topographic profiles with a < 2 m vertical accuracy 2. The MOLA laser transmitter utilizes a diode-laser pumped Nd:YAG laser which when a previous version was flown on ill-fated Mars Observer, was the first diode-laser pumped solid state laser to operate in space.
The laser was designed and built by Boeing (McDonnell-Douglas Aerospace), St. Louis, MO, with the diode pump arrays provided as government furnished equipment. A photograph of the laser is shown in figure 1 . The MOLA laser transmitter is required to deliver >25 mJ pulses at 10 Hz, through 0.6 billion shots (_ 2 Earth years -1 Martian year). The laser weighs < 5.5 Kg and is 3.3% efficient from 28 V prime power to fight out.
Some of the environmental conditions that the instrument must survive uncolnpromised are, launch vibrations both random and sinusoidal, pyrotechnic shock and launch sound levels. The instrument capabilities must not be degraded under the conditions of thermal cycling ( be_'een 0 and 40°C) and must withstand radiation dosages expected during the mission For this mission not only does the laser transmitter (LT) need to survive launch and the journey to Mars, but had to meet the specifications summarized in Table 1 . FIGURE 2 -Laser shot history from launch continuing through 10/15/99. At the time of press the laser is still operating.
The MOLA instrument went "operational" on 2/28/99 and continues to collect topography data 24 hrs/day, 7 days a week.
At 10 Hz, the laser accumulates about 866,000 shots per day, and has emitted over 200 million shots to date. After launch in 11/96, the laser was operated 4 times for checkouts during the l0 month cruise to Mars. After an anomaly was discovered in the solar array structure, aerobraking activities were ceased and interim science data gathering activities were planned and executed gathering data before the conclusion ofaerobraking _. These so called Science Phasing Orbits (SPO) were unplanned, and the laser was not designed or tested for this condition.
Never the less the laser performed as expected and endured hundreds of off-on power cycles. Since launch, the laser (and Instrument) has been power cycled 214 times with no sign of degradation. Figure 2 shows the shot history of the laser starting from launch through system checkouts, SPO's and finally continuous operation. The MOLA laser is all conductively cooled with no active temperature control of the laser or laser pump arrays.
Therefor the laser was designed to operate over a wide temperature range and still meet energy performance margins.
This was accomplished by distributing the diode array wavelength over the Nd:YAG absorption band. As the heat sink temperature changed, different portions of the pump array were matched to the absorption peak. The laser and can operate over 30°C while providing > 80% of its peak energy which is achieved when the diode array heat sink is at _31°C. Figure 3 shows the laser energy and array heat sink temperature as a function of shot number.
The first 10 million shots represent data taken through cruise and science phasing orbits.
From 10 million to about 35 million shots the laser was operated continuously but with the spacecraft high-gain antenna not deployed, the spacecraft was pointed toward Earth once per orbit to communicate.
The temperature variations caused by this slewing can be observed in the data. From about 35 million shots on, with the high gain antenna deployed, and the laser energy and temperature data is stable allowing for trending observations. The laser energy has exhibited some near discreet drops in energy, which is hypothesized to be evidence of possible shunting in the diode arrays. Due to the lack of telemetry however, this is speculation. Regardless, the laser energy still far exceeds the link requirement 4 and has been extremely successful in allowing the MOLA instrument to obtain truly revolutionary information about the planet Mars -_6.
Conclusions
At the ti,ne of this submission, the MOLA laser has been in the vacuum of Space for almost 3 years, has been turned off and on over 214 times, emitted over 190 million pulses, and been in a radiation environment of about 30 krads. The laser is still in excellent health and continues to collect important data about theplanet Mars.MOLAis anexample thatdiode-pumped solid-state lasers have thepromise for longtermoperational useinspace foractive remote sensing andother applications. 
